Integrated Circuit Package Structure with Heat Dissipating 

Design 

* 

BACKGROUND OF THE INVENTION 

1 .Field of the invention 

[0001] The present invention relates generally to the packaging of integrated circuits, 
and more particularly to the packaging of integrated circuits with heat-dissipating wiring. 

2. Description of Related Art 

[0002] During the manufacturing processes of integrated circuits, semiconductor chips 
are fabricated on a wafer. Upon the manufacturing processes for semiconductor are 
completed, the wafer is then cut to form dies, which contain semiconductor chips. Each 
die is a semiconductor component, such as a dynamic-random-access memory (DRAM) 
module or a core logic chip. Followed by the formation of dies is the packaging process of 
dies, which allows semiconductor components to operate independently oh package 
substrates. The packaging process includes preparing a package substrate, which has 
electrical conductive lines, such as trace lines, are provided for electrically connecting to a 
die. Then, the die is mounted on the package substrate, wherein the bonding wires are 
employed to electrically connect the semiconductor component (die) to the package 
substrate in the case of ordinary packaging. In addition, metal bumps are employed to 
electrically connect the semiconductor component (die) to the package substrate in the 
case of flip chip packaging. After that, the encapsulating process is performed so as to 
package the semiconductor component onto the package substrate. 

[0003] During the manufacturing processes of integrated circuits, the designs of 
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package substrates are determined according to the electrical and dissipating requirements 
of the semiconductor components. 

[0004] Referring to Fig. 1, a schematic diagram showing a conventional package of the 
core logic chip mounted on a motherboard is illustrated. A core logic chip 10 is disposed 
on an upper surface of a substrate 11. The core logic chip 10 connects to the signal I/O 
(input/output) pads of the substrate 11 via bonding wires 12, and the signal I/O pads 
further connects to the ball pins 14 formed on the bottom surface of the substrate 11 via 
through holes 13. However, since there are numerous power pins configured on the chip 
10, the substrate 11 is configured with a power ring 15 for connecting to the power pins 
via a plurality of power wires 16. The power ring 15 further connects to the ball pins 18 
formed on the bottom surface of the substrate 11 via a plurality of through holes 17, such 
that an electrically connection between aforementioned elements is formed. A plastic cap 
19 covering the substrate 11 is mounted on the substrate 11 and serves as a protection 
element of the core logic chip 10. The core logic chip 10 is electrically connected to the 
signal I/O pads or the power ring 15 of the substrate 11 via the bonding wires 12 or the 
power wires 16. The core logic chip 10 is then electrically connected to the ball pins 14 
and 18 via metal plugs in the through hole 13 and 17. Therefore, electrical connections to 
motherboard 20 are formed subsequently. By utilizing the packaging technique, the core 
logic chip 10 is allowed to form electrical connections to other circuit components 
provided on the motherboard 20. 

[0005] In the above-mentioned package structure, the power ring 1 5 is formed on the 
substrate 11 and is positioned at one side of the chip 10. This may facilitate the wire 
bonding process for forming the power wires 1 6 to connect the chip 1 0 and the power ring 
15, and simplify the design of the wire arrangement. However, the power ring 15 provided 
on one side of the substrate 1 1 will sufficiently increase the thermal stress on the substrate 


1 1. It is because that a giant current flux flows through the power ring during the normal 
operation of the chip, and heat is generated. If the heat-dissipation efficiency or heat- 
conductive efficiency is bad, the thermal stress will occur on the substrate resulting in 
wrap of the substrate. In addition, the chip may become abnormal when the temperature of 
the substrate is too high. 

[0006] Heat-dissipation efficiency has been a critical subjective in the semiconductor 
chips manufacturing, particularly the manufacturing of the core logic chips, which have 
high operating speed and integrated density. Low heat-dissipation efficiency . often results 
in high failure frequency for integrated circuit chips. However, the drawback of employing 
aforementioned packaging method of the core logic chip mounted on a motherboard, 
wherein the core logic chip is electrically connected to the substrate via metal wires, the 
bottom of the core logic chip is connected to the substrate, and the substrate is connected 
to the motherboard with ball pads, is that such method is insufficient to satisfy higher 
dissipating demand required by core logic chips operation. Therefore, the subjective of the 
invention is to provide a solution to improve the drawback. 

SUMMARY OF THE INVENTION 

[0007] The invention discloses an integrated circuit package structure with heat 
dissipating design, wherein an integrated circuit chip is placed on a package substrate. A 
power ring is disposed on the substrate and around the integrated circuit chip. Parts of the 
power ring, neighboring the region that the integrated circuit chip would generate high 
heat, have larger surface areas, so as to expand the contact area between the power ring 
and the package substrate, and to ensure higher heat-dissipation efficiency of the integrated 
circuit chip. 

[0008] The invention discloses the integrated circuit package structure with heat 


dissipating design, wherein the contact area between the power ring and the package 
substrate is increased, so that the package substrate conducts heat to a multi-layer circuit 
board via the power rings, resulting in increasing heat-dissipation efficiency of the 
integrated circuit chip. 

[0009] The invention discloses the integrated circuit package structure with heat 
dissipating design, wherein the electrical connections between the substrate and a 
computer mother board is employed to increase the contact area of the electrical 
connections between the substrate and the mother board, resulting in improving the heat- 
dissipation efficiency. 

[0010] The invention discloses the integrated circuit package structure with heat 
dissipating design, using a heat-dissipating metal cap provided for protecting the 
integrated circuit chip mounted on the package substrate, so as to increase heat-dissipation 
efficiency. 

[0011] As mentioned above, the integrated circuit package structure of the invention has 
a power ring comprising a plurality of blocks, which are not connected to each other, 
wherein the surface area of the blocks neighboring the region that the integrated circuit 
chip generating more heat is larger than that of the blocks adjacent to other regions. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] The invention will become more fully understood from the detailed description 
given herein below illustration only, and thus is not limitative of the present invention, and 
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wherein: 

[0013] Fig. 1 shows a schematic diagram of a conventional package of the core logic 
chip mounted on a motherboard; 

[0014] Fig. 2 is a top schematic view showing an integrated circuit package structure 
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with heat dissipating design according to a preferred embodiment of the present invention; 
and 

[0015] Fig. 3 is a side schematic view showing the integrated circuit package structure 
with heat dissipating design according to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0016] The invention discloses an integrated circuit package structure with heat 
dissipating design. An integrated circuit package structure has a substrate with an upper 
surface and an integrated circuit chip mounted thereon. A plurality of ball pins dispose on 
the bottom surface of the substrate. A power ring disposes on the first surface of the 
substrate and around the chip, wherein the power ring is electrically connected to the chip 
via a plurality of power wires, and the other end of the power ring is electrically connected 
to the ball pins via a plurality of metal plugs through the substrate. The integrated circuit 
chip has a first region, in which the chip generates more heat, and a second region, in 
which the chip generates less heat. The power ring has a larger surface area of the region 
of the power ring adjacent to the first region of the integrated circuit chip than the surface 
area of other region of the power ring adjacent to the second region of the integrated 
circuit chip. 

[0017] Referring to Fig. 2, which shows a top schematic view showing an integrated 
circuit package structure with heat dissipating design according to a preferred embodiment 
of the present invention, a chip 30 is placed on the top surface of a substrate 31. A power 
ring 32 is consisted of a plurality of blocks 321, 322. In order to achieve effective heat- 
dissipation object, the present invention is configured to have larger surface area of block 
321, neighboring the first region which the chip 30 generates more heat, than the other 
block 322. Such that, the left lower area of the chip, which is the first region and generates 


more heat, is enabled to dissipate heat effectively and maintain the chip temperature within 
the optimized working range. 

[0018] With reference to Fig. 3, it shows a side schematic view showing the integrated 
circuit package structure with heat dissipating design according to a preferred embodiment 
of the present invention, wherein the chip 30 is placed on the substrate 31, and a plurality 
of power wires 36 are connected the chip 30 to a power ring 32 formed on the substrate 3 1 . 
The power ring 32 is connected to the ball pins 38 on the bottom surface of the substrate 
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31 via the metal plugs provided in a plurality of through holes 37 resulting in an electrical 
connection. By electrically connecting the motherboard 40 with the ball pins 38, the chip 
30 enables to electrically connect to other circuit components on the motherboard 40. In 
order to improve the heat-dissipation performance, in the present invention, metal 
materials (such as aluminum) is unitized to form a cap 39 for protecting the chip 30, and 
the cap 39 comprises a heat-dissipating metal upper cap 391. Accordingly, the heat- 
dissipating metal cap upper 391 enhances the heat-dissipation efficiency of the chip 30 and 
the entire package structure. 

[0019] In addition, in order to expand heat dissipating areas, the present invention 
utilizes metal plugs in the through holes 41 of the multi-layer circuit board 40, to enable an 
electrical connection between the ball pins 38 and an isoelectric conducting layer 42 of the 
circuit board 40. As a result, the heat generated by the integrated circuit chip is dissipated 
via the isoelectric conducting layer 42. In a preferred embodiment of the present invention, 
the circuit board 40 is a multi-layer circuit board comprising an isoelectric conducting 
layer. The circuit board 40 is an ordinary computer motherboard. 

[0020] The power ring 32 (referring to Fig. 3) is disposed around the chip 30. The 
surface area of the power ring 321 (refer to Fig. 2), neighboring the first region where 
more heat is generated by the chip 30 (i.e. the left bottom corner of the chip shown in Fig. 
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2), is expanded. As a result, the contact area between the substrate 31 and the power ring 
32 is increased adjacent to the first region of the chip 30. The power ring 32 is connected 
to the ball pihs 38 via the metal plugs in the through hoies 41, and is then connected to the 
isoelectric conducting layer 42 of the circuit board 40 (as shown in Fig. 3), so as to 
increase the heat-dissipation efficiency. In other words, by expanding the surface area of 
the power ring neighboring the first region of the chip 30, the contact area between the 
power rings and the package substrate is increased. By connecting the power ring with the 
isoelectric conducting layer of the circuit board, the heat-dissipation efficiency of the 
package substrate is enhanced. 

[0021] Overall, the present invention modifies conventional chip package by employing 
specific structure of the lower circuit board to effectively overcome the drawback of the 
conventional chip package. The chip of the present invention can be a core logic chip, and 
the multi-layer circuit board can be a computer motherboard. However, it is to be 
understood that the scope of the invention is not limited to the disclosed embodiments. It 
is intended to cover various modifications and similar arrangements. The scope of the 
claims, therefore, should be accorded the broadest interpretation so as to encompass all 
*■ such modifications and similar arrangements. 
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